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Abstract: Beta cell dysfunction is suggested in patients with COVID-19 infections. Poor glycemic
control in ICU is associated with poor patient outcomes. This is a single center, retrospective analysis
of 562 patients in an intensive care unit from 1 March to 30 April 2020. We review the time in range
(70–150 mg/dL) spent by critically ill COVID-19 patients and non-COVID-19 patients, along with
the daily insulin use. Ninety-three in the COVID-19 cohort and 469 in the non-COVID-19 cohort
were compared for percentage of blood glucose TIR (70–150 mg/dL) and average daily insulin
use. The COVID-19 cohort spent significantly less TIR (70–150 mg/dL) compared to the
non-COVID-19 cohort (44.4% vs. 68.5%). Daily average insulin use in the COVID-19 cohort was
higher (8.37 units versus 6.17 units). ICU COVID-19 patients spent less time in range (70–150 mg/dL)
and required higher daily insulin dose. A higher requirement for ventilator and days on ventilator was
associated with a lower TIR. Mortality was lower for COVID-19 patients who achieved a higher TIR.
Keywords: intensive care unit; time in range; COVID-19; non-COVID-19
1. Introduction
Background
Uncontrolled hyperglycemia is associated with increased mortality, morbidity, in-hospital stroke
mortality, secondary infections, and coronary artery disease in intensive care unit (ICU) patients [1–6].
Cortisol release due to stress and cytokine signaling leads to excess hepatic gluconeogenesis,
impaired utilization of glucose, and insulin deficiency. Further, withholding outpatient antidiabetic
medications, addition of inpatient medication (corticosteroids), and enteral and parenteral nutrition
contribute to hyperglycemia [5,7]. Many studies tried to identify optimal blood glucose levels and the
tools to achieve them in order to improve mortality within ICU [5,8,9].
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The definition of optimal blood glucose control is contentious. The NICE-SUGAR study and
meta-analysis linked intensive blood sugar control (<110 mg/dL) with hypoglycemia and higher
mortality [9,10]. Lanspa et al. showed that achieving >80% time in range (TIR) of 70−139 mg/dL showed
promising outcomes in multi-center ICU patients using a computerized e-Protocol. Achieving this
TIR goal was independently associated with lower 30-day mortality in nondiabetic and diabetic with
previous good control (HbA1 c≤ 6.5%), but was not beneficial with prior poor diabetes control [8]. TIR is
suggested to be the unifying metric to account for hypoglycemia, glycemic variation, and hyperglycemia
events. While it is believed that controlling glucose in critically ill patients is beneficial, the optimal
goal for patients with pre-existing poor glucose control is not well known. While the Society of Critical
Care Medicine and American Diabetes Association guidelines suggest achieving glucose < 180 mg/dL
in critically ill patients on an insulin infusion, lower goals (<150 mg/dL) may be used if a low incidence
of hypoglycemia is maintained [5,11]. Insulin administration should be guided by validated protocols,
and many have suggested computerized programs for consistency and safety [11].
Severe acute respiratory syndrome coronavirus 2 (SARS-Cov2), causing coronavirus disease
2019 (COVID-19), is a threat to global health. The current understanding of SARS-CoV2 pulmonary
pathology is invasion of the respiratory tract and lungs leading to viral pneumonia. The infected patients
may develop hypoxic respiratory failure requiring mechanical ventilation, septic shock, along with
multi-organ failure and death [12]. Predisposing conditions like type 2 diabetes mellitus along with
poor glycemic control, chronic kidney disease, and obesity are associated with severe manifestation of
COVID-19 disease [13–15]. Hyperglycemia resulting from the inflammatory response, insulin resistance,
and pancreatic injury is described in severe COVID-19 infections [16]. Emerging evidence hypothesizes
that hyperglycemia may trigger an altered immunologic response in COVID-19 resulting in increased
morbidity [17]. The insulin resistance induced by COVID-19 and gluconeogenesis due to critical illness
may make glycemic control challenging and potentially impact clinical outcomes. We compared percent
time in range of glucose and insulin use as a surrogate for glycemic control amongst COVID-19 and
non-COVID-19 ICU patients.
2. Materials and Methods
2.1. Study Design
The study was a single center retrospective data analysis for patients admitted to 130 ICU beds in
the 600-bed Indiana University Health, Methodist Hospital (Indianapolis, IN, USA) from 1 March to
30 April 2020. The study was approved as exempt by the Kuali Coeus IRB (Protocol no. 2004500099).
The institutional information technology (IT) team assisted with data extraction and time stamps
for analysis.
2.2. Patient Selection
All subjects admitted to the ICU were identified based on the location and level of care orders.
Patients were admitted to the ICU following an assessment by the primary team on the patient’s clinical
condition and risk for imminent worsening. Hospitalist/Intensivists clinical judgement was relied
upon for the transfer into or out of the ICU. Patients were excluded if they had an underlying diagnosis
of hyperosmolar nonketotic hyperglycemia, diabetic ketoacidosis, and beta-blocker or calcium channel
blocker overdose requiring an alternative protocol for insulin therapy.
The patient population was then divided into 2 cohorts—COVID-19-related ICU admission
and non-COVID-19-related ICU admission based on the positive COVID-19 RNA PCR from
nasopharyngeal–oropharyngeal swab.
2.3. Variables
Data were abstracted retrospectively from prospectively collected data in the electronic medical
record (Cerner, Kansas City, MO, USA) including demographics, age, admission body mass index,
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and pre-existing conditions. Pre-existing comorbidities were captured from the provider documentation
using the ICD-10-CM coding algorithms [18]. The glycosylated hemoglobin A1C (HbA1C) at the time
of admission was used if available, or the most recent values within the previous 3 months as a marker
for previous glycemic control. Home diabetic therapy was obtained from the medication reconciliation
performed at the time of admission. The pharmacist performs reconciliation via an extensive discussion
with the patient (if able), next of kin, healthcare power of attorney, insurance claims, and/or pharmacy
fill records. Home diabetic therapy was categorized as—insulin, non-insulin glucose lowering agents
(Hypoglycemic agents), and diet-controlled.
Patient’s respiratory status and level of support was reviewed during the ICU stay.
Supportive interventions, including invasive ventilation, noninvasive ventilation, high-flow nasal cannula
(Vapotherm, Optiflow), and nasal cannula, were documented. Use of proning post intubation,
neuromuscular blockade, and extra corporeal membranous oxygenation (ECMO) was documented as
separate events. Most patients required several of these interventions at some point and these
were counted as unique events. ICU medication administration record (MAR) was reviewed,
and use of corticosteroids, vasopressors, and COVID-19-related medications (remdesivir, tociluzumab,
hydroxychloroquine) was identified for all patients during ICU stay. Drug administration was only
documented in patients with confirmed drug delivery. Medications are scanned at the time of
administration in over 90% of doses, and this enhances the accuracy of the medication administration
record as a source of data. High-dose ascorbic acid therapy was not used as it is not a standard of care
at our facility.
2.4. Glucose Management
The decision to order insulin via any route was made by the provider on admission and reevaluated
daily. For persistent glucose values greater than 150 mg/dL, patients were started on an insulin infusion
or subcutaneous insulin using a correction scale (blood glucose every 4−6 h) plus basal insulin when
needed to achieve desired goals. Transition from subcutaneous to intravenous is based on the level
of control or variability within the blood sugar levels. We were unable to capture the frequency of
transitions between the subcutaneous and intravenous routes.
A computer-based insulin protocol is used for achieving blood glucose level < 150 mg/dL.
The centralized insulin dosing software is based on the measurement of blood glucose level,
specified insulin sensitivity, carbohydrate intake, and responsiveness to the previous insulin
dosing [19,20]. This program is known as the “GlucoStabilizer”. It provides appropriate insulin
coverage while minimizing the use of only sliding scale insulin, missed insulin dose adjustments,
and calculation errors. The program calculates insulin dosing based on glucose measurements and
carbohydrate intake for patients with hyperglycemia of any etiology. This program reminds the timing
of glucose level checks and recommends insulin dosing based on the insulin sensitivity factor and
carbohydrate ratio ordered by the primary provider team. The subcutaneous GlucoStabilizer program
does not optimize its settings based on patients’ blood sugar responses to the insulin dose given.
The intravenous GlucoStabilizer program learns and adjusts to meet the changing need of the patient.
(The rate of the insulin infusion is calculated by rate = glucose − 60 ×multiplier, where the default
multiplier = 0.02. The default target blood glucose is 100−150 mg/dL and if after 1 h, the blood glucose
is greater than 150 mg/dL, the multiplier increases to 0.03). This program is also equipped to manage
the hypoglycemic treatment for the patients. It calculates in “ml” the volume of 50% dextrose solution
to be given for blood sugar less than 70 mg/dL. This program has been the lifeline of blood sugar
management for the Indiana University health campus for optimizing glycemic management.
The GlucoStabilizer standardizes intravenous and subcutaneous insulin therapy at our institute.
Details of this program have been published previously, and it has been associated with high target
achievement and low incidence of severe hypoglycemia [21]. We selected a threshold of 85% for the
TIR, since our range was slightly higher (70−150 vs. 70−139 mg/dL) compared to the study by Lanspa
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et al. [8]. We used the range of 100–150 mg/dL, since the standard protocols used within our health
care system are built to maintain the blood sugars <150 mg/dL.
Infusion pumps (BD Alaris, Franklin Lakes, NJ, USA) were located in the patient’s room and the
GlucoStabilizer program is activated on the bedside computer/monitors on most occasions. The program
reminds the bedside nurse to perform blood glucose checks at the recommended frequency (every 4 h,
every 6 h (for subcutaneous), or hourly (for intra venous)). Blood glucose was measured using the
Accu-Chek Inform meter system (Roche, Indianapolis, IN, USA) on capillary samples, whole blood
samples, or with the Abbott i-STAT (Abbott Park, IL, USA) on whole blood, as determined by the
bedside nurse. Data were not collected to describe the actual source/methodology. Glucose values are
automatically uploaded to the electronic medical records.
Mean daily insulin use for all types and routes of administration was calculated with the use of
the MAR time stamp for the insulin administration.
2.5. End Points/Outcomes
The primary endpoints were the percentages of time in range (<70, 70−150, 150−250,
and >250 mg/dL) and average daily insulin use for patients in the ICU.
The secondary outcome measured was 28-day mortality among the cohorts. We also measured
the glucose level variability and peak glucose levels. Mortality, days on ventilator, and respiratory
support were compared in both the cohorts among patients with > 85% time in range (70−150 mg/dL)
and <85% time in range (70−150 mg/dL).
2.6. Statistical Analysis
Descriptive statistics (mean with standard deviations and proportions) were computed to describe
the study population using demographic, laboratory, and clinical characteristics. These patient
characteristics were compared between COVID-19-positive and non-COVID-19 patients using bivariate
Chi-square tests or Fisher’s exact tests for categorical variables and Wilcoxon rank sum tests for
non-normally distributed continuous variables. We also grouped the patients using ≥85% vs. <85% of
the percentage of times that the glucose level was in the range 70−150 mg/dL to identify the difference
in their outcomes among COVID-19 and non-COVID-19 patients using Chi-square, Fisher’s exact,
and Wilcoxon-rank tests, as appropriate. Two separate multivariable generalized estimating equations
with mortality and glucose in range as the outcome variables and with logit link function, accounting for
the correlation of repeated measurements over time with robust standard errors, were created to
examine the effect of having COVID-19 infection compared to other critically ill patients admitted
to ICU. The multivariable model included demographic, clinical/medical, and laboratory variables.
Trends of glucose levels over time for COVID-19 vs. non-COVID-19 patients were computed to track
the average time-in-range after days from ICU admission. This line plot was used to examine the
number of times that the patients fell within the predefined glucose levels over the period of their
ICU stay. Shapiro–Wilk tests were also used to examine the normality of various laboratory variables
by the levels of COVID-19 status and we found that these were not normally distributed. Using the
kernel density plot for linearity process, we also observed the linearity assumption was not true.
Hence, we used a fractional polynomial model to fit the curvilinear (non-Gaussian) pattern of the
laboratory variables repeated over time [22,23]. Time-to-event analysis was also performed using
log-rank tests to examine the difference in the 28 days survival probability between COVID-19 and
non-COVID-19 patients and was portrayed using a Kaplan–Meier curve. All hypothesis tests were
done at the 0.05 level of significance using Stata/SE 14.2 [24].
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3. Results
3.1. Baseline Characteristics
A total of 571 unique patients were admitted to ICU in the two months of study duration.
Nine patients were excluded based on the exclusion criteria. Five-hundred-sixty-three patients
were included in the analysis. Patients were divided into two cohorts based on COVID-19 status.
Ninety-three patients were included in the COVID-19 cohort and 469 in the non-COVID-19-related
illness cohort. The non-COVID-19 cohort comprised the majority of the patients from medical, surgical,
and trauma ICU. Elective cardiovascular surgery and elective neurosurgical procedures were cancelled
to maintain optimal resource utilization during the peak COVID surge at the facility. Only patients
who required emergency interventions were admitted.
Table 1 described the baseline characteristics of the patient population. The COVID-19 cohort
had more African American and Hispanic patients as compared to non-COVID-19 (52.69% versus
28.78%; 12.90% versus 3.84%, p <0.001, respectively). The population of Marion County, where our
hospital is located, is approximately 29% African American (9.9% in the state of Indiana) [25]. As of
30 April (last day for patient inclusion in the analysis), the state had documented 18,545 cases of
confirmed COVID-19, with a cumulative mortality of 1154 [26]. Hospitalizations for COVID-19 have
been predominantly in the 50+ year old cohort, consistent with the age group in both cohorts in our
study [27,28].
Bivariate descriptive analyses showed no significant differences in age, gender, comorbidities,
and prescribed medical therapy for diabetes. However, body mass index of the patients with
COVID-19 was higher than the non-COVID-19 cohort (31.15 versus 29.55 kg/m2, p = 0.0253).
Higher frequencies of preexisting chronic kidney disease (32.26% versus 22.39%, p = 0.042) occurred in
COVID-19 patients as compared to non-COVID-19 patients. Median glycosylated hemoglobin
A1C (HbA1C) level on admission was higher in the COVID-19 cohort, suggesting inadequate
pre-admission diabetes control (6.8% versus 6.1%, p < 0.001). A total of 403 patients (65 COVID-19 and
338 non-COVID-19) had an available HbA1C at the time of admission. A majority of the patients in both
cohorts had HbA1C < 7%. A majority of the patients in both cohorts had HbA1C < 7%, as expected with
the prevalence of diabetes by history. The Charlson Comorbidity Index compared for the COVID-19 and
non-COVID-19 cohorts was similar (p = 0.666). Patients with COVID-19 required more aggressive
respiratory support in the form of high-flow nasal cannula (HFNC) (53.76% versus 12.79%, p < 0.001),
and mechanical ventilation (70.97% versus 42.44%, p < 0.001) compared to non-COVID-19 patients.
Advanced supportive care such as proning, neuromuscular blockade, and extracorporeal membranous
oxygenation (ECMO) was more prevalent in the COVID-19 population. Patients with COVID-19 stayed
ventilated for a longer duration (9.56 days versus 3.87 days, p < 0.001). Supportive and therapeutic
medications, such as corticosteroids (61.2% versus 31.5%, p < 0.001) and vasopressor (54.8% versus
30.9%, p < 0.001), were used more often in patients with COVID-19. Remdesivir and tocilizumab
were exclusively used in COVID-19 patients, and hydroxychloroquine was used predominantly in
COVID-19 patients (72.0% vs. 1.9%).
Table 1. Baseline characteristics, respiratory support, and medication interventions.
Baseline Characteristics In Sample (562) COVID-19 (93) Non-COVID-19 (469) p-Value
Age (Years) median (IQR) a 59.5 (47–69) 61 (51–69) 59 (47–69) 0.2844
Sex—Male (%) 316 (56.23) 50 (53.76) 266 (56.72) 0.6
Body Mass Index kg/m2—Median (IQR) a 29.70 (24.95–36) 31.15 (26.8–36.9) 29.55 (24.65–35.2) 0.0253
Race n(%)
Caucasian 334 (59.43) 28 (30.11) 306 (65.25)
African American 184 (32.74) 49 (52.69) 135 (28.78)
Other 14 (2.49) 4 (4.30) 10 (2.13) <0.001
Hispanic 30 (5.34) 12 (12.90) 18 (3.84)
Comorbidities n(%)
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Table 1. Cont.
Baseline Characteristics In Sample (562) COVID-19 (93) Non-COVID-19 (469) p-Value
Diabetes Mellitus 192 37 (39.78) 155 (33.05) 0.211
Hyperlipidemia 65 (11.57) 11 (11.83) 54 (11.51) 0.931
Stroke/Cerebrovascular disease b 57 (10.14) 3 (3.23) 54 (11.51) 0.014
Chronic Kidney Disease 135 (24.02) 30 (32.26) 105 (22.39) 0.042
Coronary Artery Disease b 15 (2.67) 0 (0) 15 (3.20) 0.149
Congestive Heart Failure 77 (13.70) 8 (8.60) 69 (14.71) 0.117
Arrhythmia 104 (18.51) 12 (12.90) 92 (19.62) 0.128
Chronic Lung disease 139 (24.73) 25 (26.88) 114 (24.31) 0.599
Charlson Comorbidity Index Score
0.666
0 166 (29.53) 142 (30.28) 24 (25.81)
1–3 317 (56.40) 261 (55.65) 56 (60.22)
4+ 79 (14.03) 66 (14.07) 13 (13.98)
DM Tx (home meds)
Diet Control (%) 43 (7.65) 12 (12.90) 31 (6.61) 0.037
Non-insulin Hypoglycemic Agents (%) 65 (11.57) 13 (13.98) 52 (11.09) 0.426
Insulin (%) 138 (24.56) 22 (23.66) 116 (24.73) 0.825
HbA1C (n = 403) median (IQR) a 6.2 (5.7–7.2) 6.8 (6–8) 6.1 (5.6–7.1) <0.001
<7% n (%) 288 (51.24) 36 (38.70) 252 (53.73)
7.1–8% n (%) 47 (8.36) 13 (13.97) 34 (7.24)
>8.1% n (%) 68 (12.09) 16 (17.20) 52 (11.08)
Respiratory Intervention n(%)
Nasal Cannula 385 (68.51) 78 (83.87) 307 (65.46) <0.001
High-Flow Nasal Cannula 110 (19.57) 50 (53.76) 60 (12.79) <0.001
Non-Invasive Ventilation 66 (11.74) 6 (6.45) 60 (12.79) 0.083
Ventilator 264 (46.98) 66 (70.97) 198 (42.44) <0.001
Proning 35 (6.23) 25 (26.88) 10 (2.13) <0.001
Paralytics 112 (19.93) 52 (55.91) 60 (12.79) <0.001
ECMO 13 (2.31) 7 (7.53) 6 (1.28) <0.001
Days of Ventilator Mean (SD) a 4.81 (11.76) 9.56 (9.98) 3.87 (11.86) <0.001
Medications n(%)
Steroids 205 (36.48) 57 (61.29) 148 (31.56) <0.001
Pressors 196 (34.88) 51 (54.84) 145 (30.92) <0.001
Remdesivir 4 (0.71) 4 (4.30) 0 (0) <0.001
Tocilizumab b 4 (0.71) 4 (4.30) 0 (0) 0.001
Hydroxychloroquine b 76 (13.52) 67 (72.04) 9 (1.92) <0.001
a Wilcoxon Rank-Sum (Mann–Whitney) test, b Fisher’s exact test.
3.2. Time in Range of Blood Glucose Level and Insulin Utilization
Median number (Interquartile range) of daily blood glucose level checks among COVID-19 was
5 (0–14) and non-COVID-19 was 2 (0–23). Table 2 shows COVID-19 patients spent 44.42% TIR
of 70–150mg/dL, 43.48 percent TIR of 151–250 mg/dL, and 11.66 percent TIR of >250 mg/dL
(p < 0.001). The non-COVID-19 cohort spent 68.52 percent TIR of 70–150 mg/dL. Figure 1 depicts
the stagger variations of the glucose levels within the COVID-19 and non-COVID-19 ICU patients.
The mean and median blood glucose level in COVID-19 patients was significantly higher compared to
non-COVID-19 patients (170.59 and 157 mg/dL vs. 140.37 and 130 mg/dL). Mean and median peak
glucose levels were significantly higher in COVID-19 patients in comparison to non-COVID-19 patients
(243.07 and 215 mg/dL vs. 179.18 and 160 mg/dL). The glucose check frequency was consistent
among both cohorts. Median number (interquartile range) of daily blood glucose level checks
among COVID-19 patient was 5 (0–14) and among non-COVID-19 was 2 (0–23). Patients with
COVID-19 required higher average daily doses of insulin compared to non-COVID-19 patients
(8.37 units versus 6.17 units, p < 0.001).
A multivariate analysis examined variables associated with ≥ 85% TIR (Figure 2). The COVID-19
status (OR, 0.455; 95% CI, 0.284–0.727), HbA1C (OR, 0.904; 95% CI, 0.839–0.974), BMI (OR, 0.974; 95% CI,
0.954–0.994), and history of peripheral vascular disease (OR, 0.327; 95% CI, 0.141–0.759) were associated
with lower odds of having > 85% time in range (70–150 mg/dL). Higher odds of having TIR ≥ 85%
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were higher with history of congestive heart failure (OR, 1.652; 95% CI, 1.022–2.67) and cerebrovascular
disease (OR, 1.652; 95% CI, 1.022–2.67).
Table 2. Outcomes data.
Outcome In Sample (562) COVID-19 (93) Non-COVID-19 (469) p-Value
Insulin use (daily average) a 7.63 (4.65) 8.37 (4.08) 6.17 (5.30) <0.001
Glucose Time in Range (%)
<70 mg/dL 0.44 0.44 0.44
70–150 mg/dL 60.13 44.42 68.52
151–250 mg/dL 33.31 43.48 27.88 <0.001
>250 mg/dL 6.12 11.66 3.16
Glucose mg/dL
Mean (SD) 150.89 (60.51) 170.59 (66.60) 140.37 (54.13)
<0.001Median (IQR) a 136 (112–174) 157 (124–205) 130 (107–159)
Coefficient of Variation in Glucose level 0.40 0.39 0.38
Peak Glucose mg/dL
Mean (SD) 190.31 (98.79) 243.07 (122.62) 179.18 (89.25) <0.001
Median (IQR) a 164 (130–218.5) 215 (146–323) 160 (128–201.5)
Mortality n (%) 85 (15.12) 20 (21.51) 65 (13.86) 0.06
a Wilcoxon Rank-Sum (Mann–Whitney) test.
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Figure 1. Stagger diagram comparing glucose levels spread over time and range among the
COVID-19 and non-COVID-19 study population.
Table 3 shows COVID-19 and non-COVID-19 cohorts’ patients with ≥ 85% TIR (70–150 mg/dL)
were associated with less days on ventilators (p = < 0.001, p = < 0.001), respectively. COVID-19 patients
requiring mor aggressive respiratory support with the use of high-flow nasal cannul (p = 0.009)
and mechanical ventilation (p = < 0.001) spent < 85% time in range (70–150 mg/dL) during their
ICU stay. Patients in both cohorts who required use of neuromuscular blocking agents (paralytics)
spent < 85% time in range (COVID-19 p = < 0.001 and non-COVID-19 p = 0.044). Patients requiring
ECMO (COVID-19 p = 0.183, non-COVID-19 p = 0.238) and use of proning (COVID-19 p = 0.704,
non-COVID-19 p > 0.99) did not have a significant difference among the patients with >/=85% time in
range. Mortality was also noted to be significantly higher in the population with <85% time in range
in the non-COVID-19 cohort.
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range (TIR) 70–150 mg/dL in the study population. Other variables adjusted but did not show
significance were gender, age, race, myocardial infarction, arrhythmias, chronic lung diseases,
and respiratory interventions during the hospital stay and medications like insulin, pressors and
steroids. PVD—Peripher l Vascular Disease, CVD—Cerebro Vascular Disease, BMI—Body Mass Index,
CHF—Congestive Heart Failure.
Table 3. Respiratory support and outcome compared with glycemic o trol (n 93).
Outcome
In Sample












Mortality n (%) a
COVID-19 20 (21.51) 2 (10) 18 (90) 0.085
Non-COVID-19 65 (13.86) 21 (32.3) 44 (67.69) 0.046
Days of Ventilator
Mean (SD) b
COVID-19 9.56 (9.98) 1.84 (3.59) 12.40 (10.09) <0.001
Non-COVID-19 3.87 (11.86) 2.12 (5.48) 5.22 (14.93) <0.001
High Flow Nasal
Cannula n (%)
COVID-19 50 (53.76) 19 (38) 31 (62) 0.009
Non-COVID-19 60 (12.79) 24 (40) 36 (60) 0.535
Ventilator n (%)
COVID-19 66 (70.97) 8 (12.12) 58 (87.87) <0.001
Non-COVID-19 198 (42.22) 72 (36.36) 126 (63.63) 0.006
Proning n (%) a
COVID-19 25 (26.88) 6 (24) 19 (76) 0.704
Non-COVID-19 10 (2.13) 4 (40) 6 (60) >0.99
Paralytics n (%)
COVID-19 52 (55.91) 6 (11.53) 46 (88.46) <0.001
Non-COVID-19 60 (12.79) 19 (31.66) 41 (69.34) 0.044
ECMO n (%) a
COVID-19 7 (7.53) 0 (0) 7 (100) 0.183
Non-COVID-19 6 (1.28) 1 (16.67) 5 (83.33) 0.238
a Fisher’s exact test, b Wilcoxon rank sum (Mann–Whitney) test. Percentages in column 2 are calculated from the
in-sample total number vertically. Column 3 and 4 percentages are calculated horizontally based on the n from
Column 2.
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Patients with available HbA1C levels were compared for time in range (70–150 mg/dL). The majority
of the patients in all three subgroups (HbA1C < 7, 7.1–8.0, and > 8.1%) spent < 85% of time in range.
(Table 4).
Table 4. Admission/preadmission HbA1C effect on time in range (70–150 mg/dL).
HbA1C
In Sample













COVID-19 n (%) 36 (55.38) 7 (19.44) 29 (80.56) 0.014
Non-COVID-19 n (%) 252 (74.56) 103 (40.87) 149 (59.12) <0.001
7.1–8.0%
COVID-19 n (%) 13 (20.00) 0 (0) 13 (100) 0.329
Non-COVID-19 n (%) 34 (10.06) 3 (8.82) 31 (91.18) 0.002
>=8.1%
COVID-19 n (%) 16 (24.62) 0 (0) 16 (100) 0.18
Non-COVID-19 n (%) 52 (15.38) 4 (7.69) 48 (92.31) <0.001
Percentages in column 2 are calculated from the in-sample total number vertically. Column 3 and 4 percentages are
calculated horizontally based on the n from Column 2.
3.3. Mortality
Among the COVID-19 patients, there was no mortality difference among patients ≥ 85% of the
TIR (p = 0.085) (Table 3). Mortality difference was identified in the non-COVID-19 cohort among
patients ≥ 85% of the TIR versus < 85% of the TIR (p = 0.046). The 28-day non-adjusted mortality
among COVID-19 patients was higher than observed in non-COVID-19 patients and trended towards
significance (21.51% vs. 13.86%, p = 0.06). The Kaplan–Meier plot demonstrated that the 28 days
survival probability was not significantly different (Figure 3). Multivariate analysis showed higher
odds for mortality (Figure 4) with underlying COVID-19 diagnosis (OR, 22.199; 95% CI, 1.795–274.601),
age (OR, 1.187; 95% CI, 1.061–1.328), use of ECMO (OR, 12.132; 95% CI, 1.029–143.02), and mechanical
ventilation (OR, 14.458; 95% CI, 1.164–179.644). Use of HFNC was associated with reduced odds ratio
(OR, 0.183; 95% CI, 0.035–0.955) for mortality.J. Clin. Med. 2020, 9, x FOR PEER REVIEW 10 of 15 
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Figure 4. Multivariate analysis with odds ratio (OR) and confidence interval (CI) for mortality in the
study population. Other variables adjusted but did not show statistical significance were glucose
levels, gender, race, underlying comorbid conditions, proning, paralytics, insulin use, corticosteroids,
and vasopressors.
4. Discussion
Our study identifies COVID-19 ICU patients spent significantly less TIR (70–150 mg/dL) and utilized
higher average daily insulin as compared to non-COVID-19 ICU patients. Charlson Comorbidity index
was used as a surrogate for defining risk of patient mortality and was similar for both cohorts. While the
comorbidity index did not show a difference, these findings are suggestive of more difficult to control
blood glucose levels in critically ill COVID-19 infection. Patients with COVID-19 also had significantly
higher blood glucose levels (both mean and median) compared to non-COVID-19 patients. Less time
spent in range for BG (70–150 mg/dL) was associated with increased utilization of a ventilator and
prolonged duration of mechanical ventilation, suggesting severe disease. Higher severity of illness
could potentially contribute to variations in glucose levels. We did not compare the severity of these
patients using the APACHE or SOFA score, since all the data points were not available for calculation.
Multivariate analysis suggested that the presence of COVID-19 infection played a significant role in
inability to maintain blood glucose levels in range 70–150 mg/dL.
COVID-19 patients with type II diabetes mellitus are more severe and critically ill on initial
presentation [14,15,29,30]. Zhu et al. reported improved outcomes in COVID-19 patients with
well-controlled type II diabetes mellitus [31]. The risk of mortality is higher in the uncontrolled
diabetes mellitus II subgroup based on a British cohort of 5693 patients. HbA1C of 7.5% or higher has
been associated with increased in-hospital mortality within COVID-19 patients [32]. On the contrary,
our study shows no 28-day mortality difference between the two cohorts despite higher baseline
HbA1C, a surrogate for uncontrolled type II DM, most likely since the average HbA1C did not reach the
threshold of 7.5%. Mortality among patients with >85% TIR (70–150 mg/dL) in non-COVID-19 patients
was better compared to non-COVID-19 patients with <85% TIR, which is consistent with published
evidence, even though we had higher percentage (85% instead of 80%) and higher range (150 mg/dL
instead of 139 mg/dL) [8]. The study by Zhu et al. reported inadequately controlled diabetes mellitus
was associated with increased mortality [31]. A possible explanation for this observation is the study
population. They included the entire hospitalized population, while ours was only limited to the ICU
patients. The population reviewed in our study had a similar Charlson Comorbidity Index and a
similar frequency of daily blood glucose checks. The former is suggestive of similar patient risk factors
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while the latter is suggestive of similar patient care and protocol follow up. The concern of reduced
frequency of glucose checks being a possible risk factor for poor glycemic control is mitigated by the
similar median and interquartile range.
A direct effect of SARS-CoV-2 on pancreatic β-cell function and survival has been suggested,
causing worsening rapid and severe deterioration of metabolic control in people with pre-existing
diabetes or leading to the development of new-onset diabetes [14]. Angiotensin-converting enzyme
2 (ACE 2) is potentially a crucial molecular link between COVID-19 severity and insulin resistance.
ACE 2 is extensively present on the pancreatic beta cells [33] and the ligand through which
coronaviruses such as SARS CoV-2 binds to its target cells [34]. Inhibition/blockage of ACE 2 causes a
significant increase in angiotensin 2 and hyper-reactivity of the renin–angiotensin–aldosterone system,
causing increased oxidative stress and reduced insulin sensitivity [35]. Our findings support this
hypothesis as a significantly lower percentage of COVID-19 patients spent TIR of BG 70–150 mg/dL
and higher time in > 250 mg/dL. Further, the average daily insulin dose was significantly higher in
the COVID-19 cohort. This gives credence to the hypothesis of inherent insulin resistance within the
patients affected by COVID-19, regardless of illness severity [16]. The alterations in the post receptor
insulin signaling cascades result in the development of insulin resistance [36].
Higher glycemic variability along with more frequent hypoglycemia contributes to increased
mortality in previous studies [8]. Our study did not report any association of mortality with TIR,
possibly due to smaller sample size and less frequent hypoglycemia in both cohorts. This recapitulates
the risk of increased mortality with severe hypoglycemia. Additionally, greater > 85% TIR was
associated with lesser utilization and duration of ventilation. Hyperglycemia results in increased
glucose concentration in epithelial secretion, disrupting the defense capacity of the airway epithelia,
thus prolonging the duration of ventilation [37]. Another important confounder potentially is the
presence of undiagnosed/unrecognized diabetes. HbA1C levels were not recorded in all patients,
thus it is plausible that the COVID19 group had more patients with unrecognized diabetes and this
contributed to the observed differences in glycemic control.
A recent study from Italy comparing hyperglycemia control in critically ill COVID-19 patients
with pre-existing DM associated hyperglycemia without insulin infusion with higher risk of severe
disease [38]. Although, the severity of disease was described by chest CT images. This study signals
towards correlation of intensive glucose monitoring and aggressive insulin regimen to maintain
TIR (70–150 mg/dl) with improved ICU outcomes in COVID-19 populations. Although, the causal
association of hyperglycemia and severity of disease remains unanswered. The unwanted consequence
of intensive regimen is hypoglycemia. IV insulin infusion necessitates frequent glucose monitoring,
a challenging task due to isolation and personal protective equipment requirements. Continuous
Glucose Monitoring (CGM) devices present a viable solution for frequent monitoring in this clinical
scenario [39].
Limitations
Our study has several limitations. This is a retrospective, cohort-based, single center study.
Given the design of the study, where outcomes were already observed in this chart review study,
post hoc power analysis will not add much. While a priori power calculation would be an indispensable
component of a clinical study, post hoc power analysis of a study, when all eligible subjects are pooled
in a study and where outcomes are already observed, will be conceptually flawed and analytically
misleading [40,41]. To overcome this limitation, the figures with the results from the multivariable
analysis presents the confidence interval of the estimates.
We did not actively monitor the patient’s response to insulin dosing and calculate the insulin
resistance pattern using the HOMA or the QUICKI methods [42,43]. We did not collect the SOFA or
APACHE score for the patient population. The study was not powered to capture mortality benefit
from higher time spent in range (70–150 mg/dL). Even though we noted a trend towards improved
mortality, it did not reach predefined statistical significance (p < 0.05). The proportion of medical,
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surgical, and trauma ICU patients within the non-COVID-19 cohort is not available. Trauma and
elective surgeries were at a minimum during the imposed lockdown due to the COVID-19 surge.
Multiple physicians directed insulin dosing and insulin intravenous infusion/subcutaneous transitions
were not standardized. This was difficult to capture in the data analysis. We acknowledge the possible
limitation that some patients may have been newly diagnosed with diabetes mellitus during their
admission and hence, were not identified as diabetic in the pre-existing diagnosis, although this
knowledge would not have altered our treatment strategies.
5. Conclusions
The study identifies the difficulty of blood glucose level control in critically ill COVID-19 patients.
A higher proportion of COVID-19 patients spent <85% time in range, utilized more insulin per day
compared to the non-COVID-19 ICU patients. The findings confirm the difficulty in maintaining
blood glucose levels in range and hypothesizes the presence of insulin resistance within critically
ill COVID-19 patients. Intensified insulin dosing along with more frequent BG monitoring or
potentially using continuous glucose monitoring devices varied from non-COVID-19 patients could
assist in maintaining adequate time in the range of blood glucose level (70–150 mg/dL) and thus,
improve ICU outcomes.
Author Contributions: Conceptualization, R.K., A.J.V., S.K. and A.M.P.; methodology, R.K., A.M.P., N.G.,
S.K. formal analysis, R.K., L.R.T.; data curation, L.R.T.; writing—original draft preparation, R.K., N.G., L.R.T.,
A.J.V., J.J.; review and editing, R.K., N.G., O.R., S.K., H.K., J.J.; visualization—R.K., L.R.T., N.G., J.J.; supervision—J.J.,
O.R. All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Acknowledgments: Authors would like to acknowledge Chris C. Naum for his assistance with payment of the
article processing fee. The individual participant data (including data dictionaries and study protocol) that underlie
the results reported in this article will be shared with investigators who provide an IRB-reviewed/approved
protocol and methodologically sound proposal. The data will be made available beginning 3 months and ending
36 months following article publication. To gain access, the data requestor needs to sign a data access agreement
with Indiana University Health.
Conflicts of Interest: R.K., L.R.T., H.K., A.J.V., A.M.P., S.K., and O.R. report no relevant conflicts of interest. J.J. is a
Consultant for La Jolla, Advisory Board member AcelRx, Merck, Pfizer Hospital Products, Honorarium for review
of Sepsis module from WebMD Health Corp/Postgraduate Healthcare Education, LLC. N.G. is medical director of
DaVita home dialysis unit and received honoraria from DaVita.
Abbreviations
TIR time in range;
COVID-19 Coronavirus disease 2019;
non-COVID-19 non-coronavirus-related disease 2019;
BG blood glucose; ICU—intensive care unit;
CI confidence interval;
OR odds ratio;
ACE2 angiotensin converting enzyme 2.
References
1. Capes, S.E.; Hunt, D.; Malmberg, K.; Pathak, P.; Gerstein, H.C. Stress hyperglycemia and prognosis of stroke
in nondiabetic and diabetic patients: A systematic overview. Stroke 2001, 32, 2426–2432. [CrossRef] [PubMed]
2. Capes, S.E.; Hunt, D.; Malmberg, K.; Gerstein, H.C. Stress hyperglycaemia and increased risk of death
after myocardial infarction in patients with and without diabetes: A systematic overview. Lancet 2000,
355, 773–778. [CrossRef]
3. Gale, S.C.; Sicoutris, C.; Reilly, P.M.; Schwab, C.W.; Gracias, V.H. Poor glycemic control is associated with
increased mortality in critically ill trauma patients. Am. Surg. 2007, 73, 454–460. [CrossRef] [PubMed]
4. Krinsley, J.S. Association between hyperglycemia and increased hospital mortality in a heterogeneous
population of critically ill patients. Mayo Clin. Proc. 2003, 78, 1471–1478. [CrossRef] [PubMed]
J. Clin. Med. 2020, 9, 3635 13 of 14
5. Jacobi, J.; Bircher, N.; Krinsley, J.; Agus, M.; Braithwaite, S.S.; Deutschman, C.; Freire, A.X.; Geehan, D.;
Kohl, B.; Nasraway, S.A.; et al. Guidelines for the use of an insulin infusion for the management of
hyperglycemia in critically ill patients. Crit. Care Med. 2012, 40, 3251–3276. [CrossRef]
6. Van den Berghe, G.; Wilmer, A.; Hermans, G.; Meersseman, W.; Wouters, P.J.; Milants, I.; Van Wijngaerden, E.;
Bobbaers, H.; Bouillon, R. Intensive insulin therapy in the medical ICU. N. Engl. J. Med. 2006, 354, 449–461.
[CrossRef] [PubMed]
7. Dungan, K.M.; Braithwaite, S.S.; Preiser, J.C. Stress hyperglycaemia. Lancet 2009, 373, 1798–1807. [CrossRef]
8. Lanspa, M.J.; Krinsley, J.S.; Hersh, A.M.; Wilson, E.L.; Holmen, J.R.; Orme, J.F.; Morris, A.H.; Hirshberg, E.L.
Percentage of Time in Range 70 to 139 mg/dL Is Associated with Reduced Mortality among Critically Ill
Patients Receiving IV Insulin Infusion. Chest 2019, 156, 878–886. [CrossRef]
9. Investigators, N.-S.S.; Finfer, S.; Chittock, D.R.; Su, S.Y.; Blair, D.; Foster, D.; Dhingra, V.; Bellomo, R.; Cook, D.;
Dodek, P.; et al. Intensive versus conventional glucose control in critically ill patients. N. Engl. J. Med. 2009,
360, 1283–1297. [CrossRef]
10. Preiser, J.C.; Devos, P.; Ruiz-Santana, S.; Melot, C.; Annane, D.; Groeneveld, J.; Iapichino, G.; Leverve, X.;
Nitenberg, G.; Singer, P.; et al. A prospective randomised multi-centre controlled trial on tight glucose control
by intensive insulin therapy in adult intensive care units: The Glucontrol study. Intensive Care Med. 2009,
35, 1738–1748. [CrossRef]
11. American Diabetes Association. 15. Diabetes Care in the Hospital: Standards of Medical Care in Diabetes-2020.
Diabetes Care 2020, 43, S193–S202. [CrossRef] [PubMed]
12. Cummings, M.J.; Baldwin, M.R.; Abrams, D.; Jacobson, S.D.; Meyer, B.J.; Balough, E.M.; Aaron, J.G.;
Claassen, J.; Rabbani, L.E.; Hastie, J.; et al. Epidemiology, clinical course, and outcomes of critically ill adults
with COVID-19 in New York City: A prospective cohort study. Lancet 2020, 395, 1763–1770. [CrossRef]
13. Wang, D.; Hu, B.; Hu, C.; Zhu, F.; Liu, X.; Zhang, J.; Wang, B.; Xiang, H.; Cheng, Z.; Xiong, Y.; et al. Clinical
Characteristics of 138 Hospitalized Patients with 2019 Novel Coronavirus-Infected Pneumonia in Wuhan,
China. JAMA 2020. [CrossRef] [PubMed]
14. Apicella, M.; Campopiano, M.C.; Mantuano, M.; Mazoni, L.; Coppelli, A.; Del Prato, S. COVID-19 in people
with diabetes: Understanding the reasons for worse outcomes. Lancet Diabetes Endocrinol. 2020. [CrossRef]
15. Zhang, J.J.; Dong, X.; Cao, Y.Y.; Yuan, Y.D.; Yang, Y.B.; Yan, Y.Q.; Akdis, C.A.; Gao, Y.D. Clinical characteristics
of 140 patients infected with SARS-CoV-2 in Wuhan, China. Allergy 2020, 75, 1730–1741. [CrossRef] [PubMed]
16. Finucane, F.M.; Davenport, C. Coronavirus and Obesity: Could Insulin Resistance Mediate the Severity of
Covid-19 Infection? Front. Public Health 2020, 8, 184. [CrossRef] [PubMed]
17. Cole, S.A.; Laviada-Molina, H.A.; Serres-Perales, J.M.; Rodriguez-Ayala, E.; Bastarrachea, R.A. The COVID-19
Pandemic during the Time of the Diabetes Pandemic: Likely Fraternal Twins? Pathogens 2020, 9, 389. [CrossRef]
[PubMed]
18. Quan, H.; Sundararajan, V.; Halfon, P.; Fong, A.; Burnand, B.; Luthi, J.C.; Saunders, L.D.; Beck, C.A.; Feasby, T.E.;
Ghali, W.A. Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative data.
Med. Care 2005, 43, 1130–1139. [CrossRef]
19. Juneja, R.; Golas, A.A.; Carroll, J.; Nelson, D.; Abad, V.J.; Roudebush, C.P.; Flanders, S.J. Safety and
effectiveness of a computerized subcutaneous insulin program to treat inpatient hyperglycemia. J. Diabetes
Sci. Technol. 2008, 2, 384–391. [CrossRef]
20. Flanders, S.J.; Juneja, R.; Roudebush, C.P.; Carroll, J.; Golas, A.; Elias, B.L. Glycemic control and insulin safety:
The impact of computerized intravenous insulin dosing. Am. J. Med. Qual. 2009, 24, 489–497. [CrossRef]
21. Juneja, R.; Roudebush, C.P.; Nasraway, S.A.; Golas, A.A.; Jacobi, J.; Carroll, J.; Nelson, D.; Abad, V.J.; Flanders, S.J.
Computerized intensive insulin dosing can mitigate hypoglycemia and achieve tight glycemic control when
glucose measurement is performed frequently and on time. Crit. Care 2009, 13, R163. [CrossRef] [PubMed]
22. Ryoo, J.H.; Long, J.D.; Welch, G.W.; Reynolds, A.; Swearer, S.M. Fitting the Fractional Polynomial Model to
Non-Gaussian Longitudinal Data. Front. Psychol. 2017, 8, 1431. [CrossRef] [PubMed]
23. Royston, P.; Altman, D.G. Regression Using Fractional Polynomials of Continuous Covariates:
Parsimonious Parametric Modelling. J. R. Stat. Soc. Ser. C Appl. Stat. 1994, 43, 429–467. [CrossRef]
24. StataCorp LP. StataCorp, 2015. Stata Statistical Software; StataCorp LP: College Station, TX, USA, 2015.
25. Indiana; Marion County, Indiana. Available online: https://www.census.gov/quickfacts/fact/table/IN,
marioncountyindiana/PST045219 (accessed on 11 July 2020).
26. Indiana COVID-19 Data Report. Available online: https://www.coronavirus.in.gov (accessed on 11 July 2020).
J. Clin. Med. 2020, 9, 3635 14 of 14
27. Mo, P.; Xing, Y.; Xiao, Y.; Deng, L.; Zhao, Q.; Wang, H.; Xiong, Y.; Cheng, Z.; Gao, S.; Liang, K.; et al.
Clinical characteristics of refractory COVID-19 pneumonia in Wuhan, China. Clin. Infect. Dis. 2020. [CrossRef]
28. Bhatraju, P.K.; Ghassemieh, B.J.; Nichols, M.; Kim, R.; Jerome, K.R.; Nalla, A.K.; Greninger, A.L.; Pipavath, S.;
Wurfel, M.M.; Evans, L.; et al. Covid-19 in Critically Ill Patients in the Seattle Region—Case Series. N. Engl.
J. Med. 2020, 382, 2012–2022. [CrossRef]
29. Deng, S.Q.; Peng, H.J. Characteristics of and Public Health Responses to the Coronavirus Disease
2019 Outbreak in China. J. Clin. Med. 2020, 9, 575. [CrossRef]
30. Zhou, F.; Yu, T.; Du, R.; Fan, G.; Liu, Y.; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X.; et al. Clinical course and
risk factors for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study.
Lancet 2020, 395, 1054–1062. [CrossRef]
31. Zhu, L.; She, Z.G.; Cheng, X.; Qin, J.J.; Zhang, X.J.; Cai, J.; Lei, F.; Wang, H.; Xie, J.; Wang, W.; et al.
Association of Blood Glucose Control and Outcomes in Patients with COVID-19 and Pre-existing Type
2 Diabetes. Cell Metab. 2020, 31, 1068–1077.e3. [CrossRef] [PubMed]
32. Williamson, E.; Walker, A.J.; Bhaskaran, K.J.; Bacon, S.; Bates, C.; Morton, C.E.; Curtis, H.J.; Mehrkar, A.;
Evans, D.; Inglesby, P.; et al. OpenSAFELY: Factors associated with COVID-19-related hospital death in the
linked electronic health records of 17 million adult NHS patients. medRxiv 2020. [CrossRef]
33. Hamming, I.; Timens, W.; Bulthuis, M.L.; Lely, A.T.; Navis, G.; van Goor, H. Tissue distribution of ACE2 protein,
the functional receptor for SARS coronavirus. A first step in understanding SARS pathogenesis. J. Pathol.
2004, 203, 631–637. [CrossRef]
34. Kuba, K.; Imai, Y.; Rao, S.; Gao, H.; Guo, F.; Guan, B.; Huan, Y.; Yang, P.; Zhang, Y.; Deng, W.; et al. A crucial
role of angiotensin converting enzyme 2 (ACE2) in SARS coronavirus-induced lung injury. Nat. Med. 2005,
11, 875–879. [CrossRef] [PubMed]
35. Takeda, M.; Yamamoto, K.; Takemura, Y.; Takeshita, H.; Hongyo, K.; Kawai, T.; Hanasaki-Yamamoto, H.;
Oguro, R.; Takami, Y.; Tatara, Y.; et al. Loss of ACE2 exaggerates high-calorie diet-induced insulin resistance
by reduction of GLUT4 in mice. Diabetes 2013, 62, 223–233. [CrossRef]
36. Petersen, M.C.; Shulman, G.I. Mechanisms of Insulin Action and Insulin Resistance. Physiol. Rev. 2018,
98, 2133–2223. [CrossRef] [PubMed]
37. Philips, B.J.; Meguer, J.X.; Redman, J.; Baker, E.H. Factors determining the appearance of glucose in upper
and lower respiratory tract secretions. Intensive Care Med. 2003, 29, 2204–2210. [CrossRef] [PubMed]
38. Sardu, C.; D’Onofrio, N.; Balestrieri, M.L.; Barbieri, M.; Rizzo, M.R.; Messina, V.; Maggi, P.; Coppola, N.;
Paolisso, G.; Marfella, R. Outcomes in Patients with Hyperglycemia Affected by COVID-19: Can We Do
More on Glycemic Control? Diabetes Care 2020, 43, 1408–1415. [CrossRef]
39. Goldberg, P.A.; Siegel, M.D.; Russell, R.R.; Sherwin, R.S.; Halickman, J.I.; Cooper, D.A.; Dziura, J.D.;
Inzucchi, S.E. Experience with the continuous glucose monitoring system in a medical intensive care unit.
Diabetes Technol. Ther. 2004, 6, 339–347. [CrossRef] [PubMed]
40. Zhang, Y.; Hedo, R.; Rivera, A.; Rull, R.; Richardson, S.; Tu, X.M. Post hoc power analysis: Is it an informative
and meaningful analysis? Gen. Psychiatry 2019, 32, e100069. [CrossRef]
41. Walters, S.J. Consultants’ forum: Should post hoc sample size calculations be done? Pharm. Stat. 2009,
8, 163–169. [CrossRef]
42. Bonora, E.; Targher, G.; Alberiche, M.; Formentini, G.; Calcaterra, F.; Lombardi, S.; Marini, F.; Poli, M.; Zenari, L.;
Raffaelli, A.; et al. Predictors of insulin sensitivity in Type 2 diabetes mellitus. Diabet. Med. 2002, 19, 535–542.
[CrossRef]
43. Hrebicek, J.; Janout, V.; Malincikova, J.; Horakova, D.; Cizek, L. Detection of insulin resistance by simple
quantitative insulin sensitivity check index QUICKI for epidemiological assessment and prevention. J. Clin.
Endocrinol. Metab. 2002, 87, 144–147. [CrossRef]
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
